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Abstract 
Extraction of genomic DNA is the very first experiment in the study cascade of human inherited diseases. Blood is 
preferred to be the material for DNA extraction. In the case of limitation of the material source, for example, new 
born screening program, blood is saved as dried spot in filter paper. In practical, long term storing blood sample as 
the dried spots on filter paper leads to more advantages for DNA extraction essay which need to be performed several 
times. This study provides an efficient method with 2 step lyses allow high concentration of DNA is extracted from 
samples. Comparing to the commercial QIAamp® DNA Mini Kit DNA concentration extracted from this method is 
higher, the quality of DNA is equal and the cost is lower. The optimal DNA extraction method based on phenol in 
this study is useful tool which may apply for further molecular analysis studies using dried blood spot samples. 
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1.Introduction 
Collection of blood samples on filter paper has a history of more than 40 years [1].This simple and 
feasible collection and storage method has been adopted for broad use in diagnostic screening [1], drug 
monitoring [2], and genetic analysis [3], being particularly suitable for molecular epidemiologic studies in 
remote areas with tropical climate, where transport and storage conditions are often not optimal. Low 
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quality of polymerase chain reaction (PCR)-base method due to field condition has been reported [4], a 
probable consequence of lower purity, stability, and integrity of the extracted genomic DNA from filter 
paper. A crucial problem with sample collection on filter paper is the limitation in sample volume that can 
be incorporated into the extraction procedure. Therefore, an efficient method for recovering genomic 
DNA from dried blood specimens is required. Commercially available kits (QIAGEN kit) for extracting 
DNA from dried blood samples are expensive and involve spin columns which provide low recovery rates. 
Moreover, the spin column kits always result in increased plastic waste. This study was performed to 
optimize a new method for the suitable use which lower cost and higher DNA concentration as well as 
higher purity of DNA compared to the commercial QIAGEN KIT. 
Collecting blood samples using filter paper was applied for several studies long time ago. By this way 
the blood samples is easy for collection, storage, and transportation [5] [6]. Particularly for baby’s blood 
samples, a few drops of capillary blood from a baby’s heel are made to flow into and fill a printed circle 
on a special filter paper form. The blood dries under ambient atmospheric conditions, and the filter paper 
is mailed to a laboratory where a portion of the blood spot is punched out with a paper punch. Nowadays, 
in several newborn screening program the filter paper was used to collect blood [6].   
For molecular genetic studies, the collection of blood sample by filter paper is a limitation as the 
amount DNA extracted from a drop of blood on filter paper is very small, not enough for many assay 
need to be tested. Several methods have been applied for extracting DNA from dried blood spots. In 2003, 
Sumonta Chaisomchit and his partners introduce a method for genomic DNA extraction from dried blood 
spot on filer paper by using buffered phenol as a solvent to separate DNA from protein and cell debris. 
However, this method leads to the use of large amount of Proteinase K and the success belongs to the 
commercial Buffered Phenol (USB Corporation, OH, USA) [7]. This leading to high cost for the 
extraction and the amount of DNA is not constant high. One of very good methods which already 
commercialized is QIAGEN kit. By QIAGEN kit the amount of DNA for one extraction is about 1000ng. 
However, as other commercial products it is high cost, so it is not efficient method. In this study, an 
optimal method based on the basic phenol method was optimized and compared the efficiency to the 
commercial KIT. 
2.Materials and Methods 
Forty four dried blood samples were collected from Tu Du hospital using 903-S&S filter paper card. 
Each 903-S&S filter paper card contained at least one blood spot with diameter of 1cm. For each 
extraction assay 3 dried blood circles of 3mm diameter were used. The dried blood spots were treated 
with lysis buffer, proteinase K, and then by fresh phenol: chloroform: Isoamylalcohol (25:24:1). Phenol 
solution is one of the key chemicals for DNA extraction was prepared by dissolve crystal phenol in 10X 
TE and saturate for 1 week before use.  
Two optimization protocols were performed to examine the requirement of lysis buffer and proteinase 
K concentration. The One-step Lysis protocol was examined for six assays, each assay was processed on 
three samples. The required volume of lysis buffer I (Tris HCl 10mM, MgCl2 5mM, Triton X100(1%v/v), 
SDS 1%w/v, EDTA 10mM, pH 8.0) is tested with 200μl or 300μl per one assay. The required Proteinase 
K is tesed by three concentrations 0.01, 0.02, 0.03mg per one assay (table 1). Total volume for each assay 
is 400μl. The extraction of DNA based on the Sumonta Chaisomchit method [7] with some optimizes.  
Three circles of dried blood spot sample were put in lysis buffer I, mixed well in 30s and incubated at 
85oC for 20 minutes. Adding Proteinase K after cool dowm the tube at room temperature for 10 minutes 
then, vortex 30s and incubate at 56oC in 1 hour. The buffer phenol: chloroform: izoamylalcohol (25:24:1) 
was added with equal volume, then mixed well for 30s. The centrifugation was applied at 10,000 rpm for 
4 minutes at room temperature. The upper phase was collected into a new microcentrifuge tube.  The 
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DNA precipitation is performed by adding Sodium Acetate (3 M) pH 5.2 and an equal volume of Iso-
Propanol. Centrifugation at 10,000 rpm for 4 minutes at room temperature was then applied after few 
times converting gently. Collect the pellet by remove the supernatant, then wash the pellet with absolute 
ethanol then Ethanol 70% by adding ethanol into the pellet then centrifuge at 12,000 rpm for 2minutes at 
room temperature. Let the pellet dry at room temperature until there is no trace of ethanol. DNA pellet 
then was resuspended by 50μl dH2O. 
Table 1. One-step lysis assay set up. 
Assay 1 2 3 4 5 6 
Lysis buffer (μl) 200 200 200 300 300 300 
Proteinase K (mg) 0.01 0.02 0.03 0.01 0.02 0.03 
The two step lysis protocol was also examined for 3 assays, each assay was processed on three 
samples. The two step lysis protocol is modified from the one step lysis protocol with addition one more 
step of cell lysis. After the first lysis step with 100, 150 or 200μl lysis buffer I per one assay, the lysis 
buffer II (TrisHCl 30mM, EDTA 20mM, SDS 3%, pH 8.0) was continued treat for cell lysis with the 
volume of 100μl for each assay (table 2). 
The extraction of genomic DNA by QIAamp® DNA Mini Kit was performed in parallel to compare 
the efficiency with the optimal protocol. Concentration and purity of DNA was measured by NanoDrop 
ND 1000 spectrophotometer. Quality of DNA extracted was checked by PCR assay using a set of primers 
G6PD-E2-F5’-CTCAAGAAAGGGGCTAACTTCTCAA-3’ and G6PD-E2-R5’-
GCACTTCCTGGCTTTTAAGATTGGG-3’  which designed to amplify a 241bp- DNA fragment of in 
the exon 2 of the human G6PD gene. 
The PCR assay was performed using the QIAGEN TopTaq Master Mix Kit. 1x concentration of 
master mix, 0.5μM of each primer and 40ng of DNA was used in the total volume of 25μl.  The PCR was 
carried out using Eppendorf® PCR system with the thermal cycle of 30 cycles of 940C for 30secs, 630C 
for 30secs and 720C for 1min, and the final extension is 720C for 10mins. The PCR products were then 
analysed by 1.5% agarose gel. 
Table 2. Two-step lysis assay set up. 
Assay 7 8 9 
Lysis buffer I (μl) 100 150 200 
Lysis buffer II (μl) 100 100 100 
Proteinase K (mg) 0.01 0.01 0.01 
3.Results 
In overall the average concentration and purity of DNA extracted from one and two step lysis protocol 
in comparison to Qiagen KIT is shown in table 3.  The highest DNA concentration is achieved in two step 
lysis protocol. However, the purity of DNA in the two step lysis protocol is lower than in Qiagen KIT and 
on step lysis protocol. The one step lysis protocol also gave the DNA concentration higher than Qiagen 
KIT but still in the limitation under 20ng/μl (table 3). 
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Analyse data for each assay in the one step lysis protocol (table 4), the results showed that there is no 
sample that concentration of extracted DNA over 50ng/μl. Assay 2 give the best result as 100% samples 
have DNA concentration in range 20 ng/μl to 50ng/μl and the purity of DNA is 1.7, in the range of highly 
pure DNA (1.7 -1.9). Assay 1 and assay 4 give 33.33% samples with DNA concentration in the range 
from 20 – 50ng/μl, but the purity of DNA is lower than 1.7 . Assay 3 give high purity of DNA but the 
concentration is too low, lower than 20ng/μl. The other assays give concentration of extracted DNA 
under 20ng/μl and purity level is low (table 4). 
The two step protocol lysis is a modified protocol from one step lysis protocol. Table 5 shows the 
results of DNA extraction by two step lysis protocol. The results showed that the two step lysis protocol 
give higher concentration of DNA compared to one step lysis protocol. 100% samples in assay 7 and 
assay 8 give DNA concentration in the range from 20-50ng/μl, but the DNA concentration have low 
purity, purity level lower than 1.7. Assay 9 gave highest DNA concentration. 100% sample extracted with 
assay 9 gave DNA concentration higher than 50ng/μl. The purity of DNA extracted by assay 9 is higher 
than assay 7 and assay 8 but still lower than 1.7. However the purity level of DNA in assay 9 is 1.65, this 
indicates that DNA quite pure (table 5). 
Table 3. Comparison of DNA concentration extracted by different methods. 
 Extraction Method 
 One step Two step QIAgen KIT 
Concentration (ng/μl) 17.6 51.9 7.7 
Purity 1.66 1.58 1.8 
Table 4. Concentrations of extracted DNA by one-step lysis method. 
Concentration (ng/μl) 
Assay (%) 
1 2 3 4 5 6 
>50 0 0 0 0 0 0 
20-50 33.33 100 0 33.33 0 0 
<20 66.67 0 100 66.67 100 100 
Purity 1.61 1.7 1.96 1.56 1.58 1.52 
Table 5. Concentrations of extracted DNA by two-step lysis method. 
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Concentration (ng/μl) 
Assay (%) 
7 8 9 
>50 0 0 100 
20-50 100 100 0 
<20 0 0 0 
Purity 1.55 1.55 1.65 
Table 6. Comparison between optimal protocol and commercial KIT. 
Conc. (ng/μl) 
Method (%) 
Assay 9 
N=50 
QIAgen KIT 
N=17 
>50 22 0 
20-50 36 0 
<20 42 100 
Conc. 38.26 7.7 
Purity 1.53 1.8 
The PCR assays were applied for DNA extracted by one step and two step lysis protocol in the 
comparison to DNA extracted by Qiagen KIT. The results showed that with the same amount of DNA, all 
samples extracted by two step lysis protocol gave PCR products as well as PCR products from DNA 
extracted by Qiagen KIT, while DNA extracted from one step protocol gave no PCR products (figure 1a). 
The assay 9 was selected for further evaluation a DNA extraction method for dried blood spot in 
comparison to Qiagen KIT. 17 samples were extracted by Qiagen KIT and 50 samples were extracted by 
assay 9. The average DNA concentration and the distribution of DNA concentration in the accepted range 
was compared in table 6. 
Table 6 represents the comparison of DNA concentration of extracted DNA by Qiagen KIT and assay 
9. By Qiagen KIT, there is no sample that concentration of extracted DNA over 20ng/μl. The assay 9 still 
give better result in concentration of DNA even the purity is lower. 22% sample give concentration of 
extracted DNA over 50ng/μl, 36% give DNA concentration from 20 to 50ng/μl and the percentage of 
sample that give concentration of extracted DNA less than 20ng/μl is 42% (table 6). By checking the 
quality of DNA through ability to be amplified in PCR assay all DNA samples extracted by Assay 9 gave 
very good PCR products and already used for genotyping a mutation in G6PD gene. 
Checking for quality of DNA after long term store, DNA extracted by assay 9 and Qiagen KIT were 
stored in the same condition at 40C, and then used for performing PCR assay. Figure 1b represents the 
ability to be amplified of extracted DNA by PCR after two months stored. All samples extracted by assay 
9 gave a good result in PCR assay as the presence of PCR product at 241bp on the agarose gel (figure 1b). 
The sample extracted by Qiagen KIT was used as the positive control and water as the negative control. 
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Fig. 1. (a) Checking quality of DNA by PCR assay, lane 1: DNA extracted by Qiagen KIT, lane 2: negative control with water as 
template, lane 3, 4: DNA extracted by one step lysis protocol; (b) Checking DNA sample after 2 months stored by PCR assay, PCR 
product at 241bp is the right product, lane 1: negative control with water as template, lane 2: DNA sample extracted by Qiagen KIT, 
lane 3, 4, 5, 6, 7: DNA samples extracted by assay 9. 
4.Disscustion 
In trying to achieve in optimizing a simple, efficient method for extracting and purifying genomic 
DNA from dried blood stored on filter paper, the very basic method, one step lysis, was used and gave a 
not good result as DNA concentration at the end is too low and the purity is not high enough for using in 
PCR assay. The contamination with chemical such as salt, phenol… using during extraction could be 
happened as only simple technique was used. By using the very basic method the high concentration of 
DNA is required as with high concentration, a small volume of DNA solution is used, thus the small 
amount of contaminant is contained, so it may not affect much to PCR assay. With low concentration, a 
large volume of DNA solution is needed, this also bring more contaminant with and affect to PCR assay. 
Thus the unsuccessful in PCR assays on DNA samples extracted by one step lysis can be explained as too 
much chemical contaminate into the PCR assay as with low concentration of DNA a large volume of 
DNA solution was used for each PCR assay.  
To increase the concentration of DNA in the extracted solution one more step of lysis was applied 
which try to bring all cells in the filter paper into the lysis buffer and be lysed. Notably, the concentration 
of DNA solution extracted by two step lysis is significant increased compared to those in one step lysis 
protocol. This indicated that the second step of lysis is really necessary for break the cells to collect DNA 
after that. The first step of lysis may only wash the cell out the filter paper and not enough chemical or 
time for break all cells. Again with the simple method the contamination is cannot avoid, however with 
high concentration of DNA a small volume of DNA solution is used for each PCR assay this may 
overcome the affection of contaminant to PCR assay. When the high concentration of DNA is achieved 
the small volume of DNA solution is used and the efficient of PCR assay is increase as less chemical 
contaminated. With lower concentration and lower purity the DNA samples from one step lysis give no 
result in PCR assay compared to DNA sample from two step lysis. This also indicated that the quality of 
DNA extracted by two step lyses is higher than in one step lysis. The purity and concentration of DNA is 
directly affected to the PCR result.  
Comparing to commercial KIT, Qiagen, genomic DNA extracted by two step lysis protocol showed 
lower purity level, but all DNA samples extracted by assay 9 is shown a good result in PCR assays. 
Notably, the concentration of DNA samples extracted by assay 9 is much higher than DNA samples 
extracted by Qiagen KIT. This may overcome the low purity of DNA solution from assay 9 compared to 
DNA solution from Qiagen KIT and leading to good result in PCR assays. Testing the quality of DNA 
after long term store in comparison to DNA extracted by Qiagen KIT the result again impresses the high 
quality of DNA samples extracted by assay 9 (figure 1b)  
In economic feature, the price for one DNA extraction assay by assay 9 (1.37$ USD) is two times 
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cheaper than using QIAamp® DNA Mini Kit (2.74$ USD). Comparing to Chaisomchit and colleagues 
method which also applied for dried blood spot (2003), the assay 9 may also spend lower cost as the 
home-made buffered phenol is used and amount of proteinase K is eight times lower. With simple method, 
low cost, high concentration and exceptional purity, the assay 9 is a good DNA extraction method can be 
used in any laboratory. 
5.Conclusion  
An efficiency method for extraction of human genomic DNA from dried blood spot have been 
developed which is apply 2 step of lysis by lysis buffer and based on phenolic method. This optimal 
method did show the high quality and quantity of DNA extracted which can be applied for further 
molecular genetics studies in human which is need to perform in several PCR assays compared to 
diagnostic assay only need to perform in one PCR only. 
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